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Figure I.-This diagram illustrates natural gravity convection through a circulating space heater. The warm air rising from the heater is replaced by an inflow of cooler air at the bottom. Warm air is represented by open arrows; cool air by solid arrows, From "Your Farmhouse Heating," Miscellaneous Publication No. 689, U. S. Dept. of Agriculture, 1950. 
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It is estimated that approximately 150,000 farm dwellings in Missouri are 
heated during the winter with space heaters . These homes are heated by coal 
stoves, wood stoves, and oil heaters. The use of gas heaters is increasing. The 
question of obtaining satisfactory winter heat with these space heaters in the 
usual type of farm dwelling has arisen many times, and the purpose of this 
bulletin is to explain and discuss some of the methods by which greater satis-
faction from oil-burning and other space heaters can be secured. * 
Types of Heaters. In general, there are two types of space heaters. These 
are the radiant type heater and the circulating type heater. From tests con-
ducted at the Missouri Agricultural Experiment Station, it appears that there 
is not a great deal of difference between the two as to heating ability. The 
radiant heater is commonly used without a jacket of any kind; the surface 
of the heater is quite hot. It is recommended principally for heating just 
one room. On the other hand, the circulating heater is enclosed by a jacket 
whose surface is relatively cool and is perhaps more desirable from the stand-
points of safety and appearance. This bulletin will be devoted almost en-
tirely to discussion of the jacketed or circulating heater. See Figure 1, which 
illustrates the convection currents from a typical circulating space heater. 
Types and Costs of Fuels. Commonly used space heater fuels include 
coal, wood, oil and natural or LP gas. The choice of a fuel will depend on 
cost, availability, and convenience. 
Table 1 can be used to compare costs of various fuels burned in the 
same house. For example, suppose we wish to compare the cost of fuel oil 
with LP gas when oil sells for 12c per gallon. Table 1 indicates that LP gas 
must sell for less than 8.6c per gallon in order to be cheaper than oil. Wood 
as fuel can be compared with the others by assuming that most well-seasoned 
hardwoods have about half as much heat value per pound as good coal,1 A 
cord of hickory, oak, beech, sugar maple, or rock elm will have about the 
same heat value as one ton .of good coal. 
Installation of the Heater. The following recommendations of the Na-
tional Board of Fire Underwriters are quoted for general guidance: 
(1) The heater shall not be placed less than 3 feet from any woodwork or 
any wooden lath and plaster partition, unless the woodwork or partition is prop-
·The experimental work on which this publication is based was a part of North Cen-
tral Regional Project NC-9 and was partially financed by funds authorized by Section 
9b3 Title I of the Research and Marketing Act of 1946. . 
'USDA Misc. Publication No. 689, "Y <:mr Farm House Heating," 1950. 
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erly protected by metal shields, in which case the distance shall not be less 
than 18 inches. Metal shields shall be so attached as to preserve ait space be-
hind them. 
(2) The heater must be set upon an incombustible tray or stove board of 
sufficient size so that it will extend 12 inches back of and from the sides of the 
oil tank. 
(3) The smoke pipe shall not pass through any floor or through a non· 
fireproof roof. Smoke pipes shall not be less than 18 inches below any wood 
lath and plaster or other combustible ceiling unless at least the upper half of 
such smoke pipe is properly protected by one inch or more of asbestos covering 
or its equivalent, or by a metal casing spaced 2 inches from the upper half of 
the pipe. If so protected, the smoke pipe shall not be less than 9 inches from 
any wood lath and plaster construction, woodwork or other combustible material. 
(4) Where a smoke pipe passes through a wood lath and plaster, or other 
combustible partition or walls, a section of the wall or partition shall be removed 
and the smoke pipe so placed 'that no part of it shall be nearer than 6 inches 
to any remaining combustible part of the partition. The section of the parti. 
TABLE 1 -- COMPARISON OF HEATING COST" (Various fuels used in the same building) 
A B C D E 
OIL 
NATURAL GAS LIQUlFIED 140,000 Btu BITUMINOUS COAL 
100 Btu per PETROLEUM GAS per gal . HAND FffiED ANTHRACITE COAL 
cu. ft. 100,000 Btu per Heating Unit ICost-Dollars per ton) Cost - Dollars per ton 
Cost gal. Designed for Btu ,eer pound 13,000 Btu per 
cents per Cost oil - Cost Low Medium High pound 
1000 cu. ft. (cents per gal.) (cents ,eer ~al.) 10,000 17,000 141000 Medium 
34 3.4 4.7 4.65 5.60 6.55 8.85 
38 3.8 5.3 5.20 6.25 7.30 ~90 
42 4.2 5.9 5.75 6.95 8.10 10.90 
46 4.6 6.4 6.30 7.60 8.85 11.95 
50 5.0 7.0 6.90 8.25 9.60 13.00 
54 5.4 7.5 7.45 8.90 10040 14.05 
58 5.8 8.1 8.00 9.55 11.15 15.10 
62 6.2 8.7 8.55 10.25 11.95 16.10 
66 6.6 9.2 9.10 10.90 12.70 -17.15. 
70 7.0 9.8 9.65 11.55 13.45 18.30 
74 7.4 10.3 10.15 12.20 14.25 19.25 
78 7.8 10.9 10.70 12.85 15.00 20.30 
82 8.2 11.5 11.20 13.50 15.70 21.25 
86 8.6 12.0 11.79 14.15 16040 22.35 
90 9.0 12.6 12.30 14.80 17.20 23 .50 
94 9.4 13.1 12.90 15.45 17.95 24.50 
98 9.8 13 .7 13.40 . 16.10 18.70 25.50 
1.02 10.2 H .2 13.98 16.82 19.50 26.55 
1.06 10.6 14.8 14.50 17.45 10.30 26.60 
1.10 11.0 15.4 15.10 18.10 21.00 27.70 
INSTRUCTIONS FOR USE OF TIDS CHART 
Step 1. Locate in the proper vertical column the unit cost prevalling tn your locality for Fuel No.1 (For gas 
see Section A; Oil, Section C; etc.) 
Step 2. Read across the table in tlie same horizontal line to locate in the proper column the comparative unit 
cost of Fuel No.2. 
·Step 3. If the market price prevailing in your locality for FueJ No. 2 is greater than the cost indicated in Step 
No.2, a change to this fuel will increase your total heat bill . 
Step3B. If a market price prevailing in your locality for Fuel No.2 is less than the cost found in Step No.2, a 
change will lower your fuel bill. 
"Adapted from "Fuels for Kansas Farms" by H. E. Stover, Kansas State College. 
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tion or wall so removed shall be replaced by an approved fireproof material 
only, and an air space of at least two inches shall be preserved on all sides of 
the pipe. 
In the interest of safety, it is imperative that these suggestions be followed 
carefully. 
Circulating heaters are so called because the cooler air near the floor moves 
toward the heater, is warmed, and then rises upward around the outside of the 
combustion drum. The warm air passes outward through the top and circulates 
through the rooms. 
Circulating heaters can be used successfully to heat small homes having up 
to 4, 5, or even 6 rooms. Figure 1 illustrates the path of air passing through the 
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Figure 2.-A good floor plan for use with a circulating heater, illustrating central 
location. If possible, no room center should be more than 18 feet from the heater. From 
"Your Farmhouse Heating," Miscellaneous Publication No. 689, U.S. Dept. of Agriculture. 
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space heater. Usua ll y it is best to locate the hea ter near the cent er o f the house. 
This princip le is ill us trated in Figure 2, which repre~cn ts a good arrangement of 
rooms for hea tin g with a circu la tin g hea ter. No te tha l the ccnt e r of th e room 
farlhest from the heater is located not more than 18 feet fr om the hea ter. 
A necessary requiremcnt for obtaining sa ti s fac ti on is to be sllre that 
the house is not go in g to lose too mll ch hea l. To prevent thi s, it is common 
to p lace insu lat ion in the walls and on the attic fl oors, and a l 0 un derneath the 
fl oors of houses with out basements. Heat losses a nd illfilt rat ion of a ir can 
Figure 3.-One type of circulatin g, oil-hurnin g space hea ter. Note the 
draft meter in the smoke pipe. When correctly insta ll ed , this meter maintains 
proper draft automatically. This picture was taken in an experimental farm 
dwelling near Columbia . Note the feed pipe and shut-off va lve for opera tion 
from an outs ide oil storage tank; see Fi gure 4 a lso. 
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be reduced by caulking joints and by using storm windows in the winter. 
These practices will result in a great saving in fuel cost and increase in comfort. 
It is usually difficult to get good heat distribution in rooms in which the 
ceilings are higher than 9 feet, unless special devices are employed, which 
will be discussed. 
Another important consideration in installation of the heater is draft. The 
dtaft in a chimney is created when the air inside the chimney is hotter than the 
air on the outside. Since hot air is lighter than cold air, when the air inside 
the chimney is heated, it will rise and create a strong upward current. The 
hotter the air inside the chimney can be kept, the stronger the draft will become. 
No air, except through the draft meter, should enter the chimney which 
has not first passed through the fire of the stove. If the colder, outside air 
is allowed to seep into the chimney above the fire, it will directly counteract 
the upward draft of hot air. Close all openings where outside air may creep 
into the chimney and hinder the draft. A poor draft can also result when a 
chimney is obstructed in some way with soot or other objects. A chimney 
which is not high enough can also cause trouble. Large trees around the house 
which extend above the top of the chimney may cause poor draft. Usually the 
chimney should be at least 2 feet above the ridge of the house. In connecting 
up a heater to the chimney, the horizontal run of pipe from the heater to the 
chimney should always rise slightly toward the flue opening. A minimum of 
elbows should be used as they decrease the draft. Ordinarily, only one heater 
should be used on each flue. 
The manufacturer includes a draft meter with oil-burning circulating heat-
ers. See Figure 3. The draft meter is regulated at the factory so that it tends to 
maintain automatically the proper amount of draft for the heater. The draft 
meter should always be placed in position and adjusted strictly according to the 
instructions sent with the heater. Use of a damper other than an automatic 
draft meter is never recommended. 
It is often convenient, ~hen using oil, to install an outside fuel storage 
tank so that fuel will flow into the space heater by gravity. One method of 
installing such an outside storage tank is shown in Figure 4. The sediment trap 
shown in Figure 4 is not absolutely essential, but is desirable. 
Where electricity is available in the home, the use of an automatic thermo-
stat to operate the oil burner will become convenient. A kit of parts can be 
purchased from most heating equipment dealers. The cost is low, and the 
benefits are remarkable. In using such a kit, the location of the thermostat 
is important. The thermostat should not be located on an outside wall, behind 
a door, too close to the heater, or on a wall which has an appreciable amount 
of sunshine on it for part of the day. Usually it is better to locate the thermostat 
on an inside wall at least 8 to 10 feet from the heater. 
One should not expect the thermostat to maintain the same temperature in 
an outlying room as it does in the room in which it is installed. Temperatures 
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Figure 4.-An arrangement for outside storage of fuel oil. The storage tank should be located so that it can be reached 
easily in all weather by the tank truck. 
00 
~ 
>-< 
til 
til 
o 
c:: 
i:!1 
>-
.;; 
i:!1 
n 
c:: 
~ 
c:: 
~ 
t" 
~ 
'"tI 
t'l 
~ 
is: 
t'l 
Z 
.., 
Ul 
~ 
::3 
o 
z 
BULLETIN 586 9 
~ 
UN HEAT E P AIIJJ:i ~ 
I NS,ULATION 
LHEAT COLLECTOR BOX 
/If FAN .rINSULATEO DUCT 
If .... - -~--- -- =-~ - - - :-. - - )\ ~r-- -'--' 
. . ~ . '" 0 .. , ... , ..... " ...... -.... " , .. . e.· . · . ..... , ... t . " 
J~OAMPER -. --~~EILING GRILLE ,I~AMPER JI.fi(AMPER 
j ~ • , 
t t fiQBIIj BEPROOM BAIl:t ~BQQM 
t--CIRCULATING 
HEATER 
6 2' 4 6 
FEET 
Figure 5.-This figure illustrates a low-cost, wann air distribution method; see also 
, Figure 6. A method similar to this was tested in an experimental farm dwelling near Colum-
bia and found to be effective. The dwelling shown in Figures 5, 6, and 8 is the experimental 
unit mentioned. It is a one-story, basementless house with concrete slab floor laid on the 
,ground. 
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Figure 6.-Plan view of overhead wann air distributor system pictured in Figure 5. The 
fan used should not be too powerful. A capacity of from 150 to 300 cubic feet per minute 
seems ample. Ordinarily 8' l'ound furnace duct is suitable to make the system. The heat 
collector box can be made of wood or metal. The system is considered desirable for rooms 
with very high ceilings (9' or higher). 
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maintained III o utl y in ~ rooms drpencl up on many fac· tors, " uch as capacity of 
th r hea te r a nd s tructure a nd ar ra ngrmt' nt of th e ho use. 
Getting Good Heat Distribution. Tests per f or llled rr('c ntl y a t thr 1\1 isso uri 
Agricul tural I~xperimen t Sta ti on indica te th a t there are a numbe r o f ways in 
whi ch th e tempera tures in out ly in g r()om~ can be improved. One of th ese 
meth ods is show n ill Fi~ lIrrs Sand 6. In F igure S. a scl ll 'mati c c llt· away of 
a n overhe'ad d ll ct arrangemen t de!:' ignpcl to mo ve excess hea t accumu la tin g 
ncar th e ce ilin g out to differe nt o lltl y in g rooms is demonstra tcd . F igure 6 
is a fl oor p lan of th e "a me house ,; huw in )! th e pl a ll \ iew of th e over hea d duct 
arrangement. The essen ti a ls o f thi s s),; tem are as fo ll ows : 
A ~iz('a hl c ol'P llin {! is fir" t made in th e ce ilin g dirp('tly over th e c ircu-
lati n /! Iwater, a nd a hea t·co ll ectin g ho x mounted in th e a tti c above the hol e 
in th e cei lin f'.'. U~uall y it is advisab le to cover th e hol e in th e ce ilin g with a 
g rill e u f so me ki nd tas in Fi g ure 7) w hi eh ca n he o pened or c losed as desired. 
The a ir du cts are then a ttached to th e box in a LLi c as shown in F igures 5 and 6. 
Note that th ese cl ll c ts arc sh ow n as be in g in sulated w here th ey run throu gh 
a n unheated a tti c. No te a lso the da mpe rs a t th e te rminal ends o f each over· 
Figure 7.-This illustrates method of locating grill e in cei lin g above hea ter, to obtain 
the system shown in Figures 5 and 6. Note the hand le for closing and opening the grille. 
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head duct. This allows. the owner to shut off part or all of the heat into the . 
outlying rooms from this system. 
The system would be completely ineffective without the fan located some-
what as shown. Many supply houses sell fans specifically constructed for 
mounting in round ducts ranging in diameter from 6 to 12 inches, and it is 
relatively easy to obtain the ducts and mount a fan in them, and insulate 
them. This has the effect of changing the normal gravity circulating air system 
into a forced air system. 
This procedure need not be confined to single story homes. It is entirely 
possible to construct such a system in a two-story home, by placing the heat 
collecting box adjacent to an upper story partition, and running the air ducts 
also adjacent to partitions. 
This system could be used very well, it is believed, to heat upper story 
bedrooms. Often the heat is not needed in these bedrooms until a few hours 
. before bedtime, and could be shut off for the rest of the time. In such arrange-
ments, it is possible to use regular forced air system registers at different 
locations of the ducts in the upstairs bedrooms. These registers have a neat 
appearance and can be opened and closed easily. 
Another method of improving the heat circulation of a circulating heater 
is shown in Figure 8. This system of underfloor ducts can be used both with 
basementless and basement houses . For the basementless house, the system 
could be installed only if there is sufficient space beneath the house. Where 
there is a basement, it would be relatively easy to install the duct system to-
gether with the registers shown in Figure 8. In locating the floor registers, 
they should be placed as far from the heater as possible and preferably near a 
window. The underfioor ducts are brought to a common center in a pit or 
box located directly underneath the heater. 
By enclosing the heater jacket to the floor, it would then be possible for 
the heater to draw its cold air not from the surface of the floor, but from the 
underfloor duct system. This will raise the temperatures at the floor. The 
underfloor duct system can be improved to a remarkable extent by installing a 
blower in the pit underneath the heater with the air circulation in the same 
direction as the normal convective circulation. That is, t}le blower is ar-
ranged to draw air from the floor registers and blow it over the heater. 
With such a system, it is possible to approach temperature distribution 
somewhat comparable to that obtained with expensive forced air systems. The 
size of the blower need not be excessive. A capacity of 500 to 1000 cubic 
feet per minute is considered adequate. 
Where the heater rests on a floor grille, as in Figure 8, a stove board 
cannot be used. In this case, the grille should be made of metal, with the 
surrounding floor protected by sheet asbestos. The house in Figures 8 and 11 
has a concrete slab floor, and has no need for special protection. See also 
Figure 11 for a view of a heater resting on a floor grille. 
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Figure B.-This plan view shows a method for returning cold air to the base of the heater without allowing it to pass 
over the floor. Floor registers are located in each room, usually below a window. The heater is placed on the grille. Preferably, 
the base of the heater should fit the grille rather closely. ·For a house built on a concrete slab laid on the ground, the cold 
air pit should have a closable drain. Also, the edges and bottom of the slab should be insulated carefully. Each cold air 
register should be capable of being closed. This system can be improved by installing a small blower in the cold air return 
pit. The blower should move the air up and over the heater; that is, in the direction of natural gravity (convective) circulation. 
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The circlJi a tory flow of hea tecl a ir from th e hea ter to outlyin g rooms 
ca n be a ided great ly by the device sho\m in Fi gure 9. Thi s method con· 
sis ts of makin g openings above th e doors to a ll ow the hea ted ail' to circul ate, 
even tll o ll !!h the doors (lrc closed. Applicat ion of thi s method wou ld be es· 
peciall y des irab le in heclroom doors. Us ua ll y, it is hest to make the open· 
in gs as la rge as poss ih le. at leas t R" ). 16". 
Fi l'lIrr 'J.-I.ollv!'red trul1 ' om opcn in !'(s ()v~r dnors wilt " ll ow warm air ~ irc u · 
la linn ('ve il Ih oul!lt lit e duor is c losed. Th~'r OIlf'lIill gs , ltoulJ 1)(' made l aq~(! as 
possih le. 
Sometimes it is pos,; ihl e to great ly impro\e circu lati on hy mO ll ntin g a 
small fan over the door rather than havin g mercly an openin g. This wi ll 
help to hea t th c bathroom, for examp le, where tem perat ures hi gher than nor;mal 
are desired, as in Fi gure 10. Wit re an overh ad duet system as in Fi gures 
5 and 6 is used, there is no particular necessity for openings over the doors. 
The e openings are recommended for use where no overhead ducts are furni shed 
for di stributin g the heat. 
An extremely simple and easy method of improvement of hea t di stri· 
bution is shown in Fi gure 11. By plac ing a 10 to 14-inch fan on tlt e floor be-
hind the heater and allowing a blast of air from the fan to blow upward and 
ove r the heater, an improvement in warm air di stribution wi ll usuall y be 
noted. Thi s improvemen t wi ll be most marked in the room ill wh ich the 
heatcr is loca ted but wi ll a lso ex tend , to a degree at least, to ou tl ying rooms. 
Since most people are li kely to have thi s type of fan for summer use, 
this method of using a fan in the winter to increase comfort should be con· 
venienl. In an emergency the same principle can be app li ed to heatin g out· 
lying rooms by hanging a fan from th e top of the door en ter in g into the 
out lyin g room. T hi s tends to move the hi gh temperalure air near the ce ili ng 
into the out lyin g room. 
ttl 1\11SS0l IHI A<; /UCl I I.TlIHAL E:XI'EH I MJo: NT STA TION 
Fi ~ u rc lO.- A fa n huilt ill io 11, l' wn ll a llOw' a dflor , ',11' IlI UW' wa rm a ir into 
8n o utl ying room . Fa ns ar ma nUfa(' lUred anti so ld ex pressly for thi s purpose. 
Figure ll,-A fa n placed behind hea te r improves warm air di stribution. No te 
the a utoma tic operation a ttachme nt secured to th e fu e l control va lve, This en-
ab les use of a thermosta t to opera te Ihe hea te r. These a ttachments a re readil y 
ava ilable thro ugh dealers in o il-burning hea te rs. 
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Some circulating heaters are purchased without built-in fans. Manu-
facturers often offer fans which will fit their circulating heaters as optional 
equipment. Tests of this type heater at the Missouri Station indicate that 
a great improvement in heat distribution can be obtained by use of these 
huilt-in fans _ Their use tends to lower ' the temperature near the ceiling and 
increase it near the floor, which is always desirable. 
Selecting a Circulating Heater. In Figure 12 is shown a graph of cubic 
feet in the house plotted against Btu capacity of the heater. Circulating 
heaters are usually rated in terms of Btu per hour capacity. Figure 12ap· 
plies to oil-burning space heaters only, used in the states of Illinois, Missouri, 
and parts of Kansas. 
A Btu (British thermal unit ) is commonly defined as the am'ount of 
heat necessary to raise the temperature of one pound of water one degree 
Fahrenheit. 
To make use of Figure 12, follow this description. Before buying a 
space heater, measure the house and determine the cubic capacity to be 
heated. Then enter the graph with the number of cubic feet in the house as 
indicated in Figure 12. In the example shown by the dotted line, we assume 
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Figure 12.-This graph can be used as an aid in estimating oil-burning heater capacity 
for a given size <of house. It applies to Missouri, Illinois and most of Kansas. An example 
is shown where a house having 6900 cubic feet of space to be heated would require a heater 
capacity of 55,000 Btu per hour. Adapted from information published by the Institute of 
Cooking and Heating Appliance Manufacturers. ' 
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that the house has a cubic capacity of 6900 cubic feet. Entering the graph 
at 6900 on the horizontal axis, go up until the heavy line is intersected, and 
then over to the vertical axis. This shows that the capacity of heater needed 
is at least 55,000 Btu per hour. In case a given capacity of heater needed 
according to the graph is not obtainable, the next larger capacity which is 
available should be chosen. 
Summary. The following points are offered for consideration: 
(1) For satisfaction in winter heating, regardless of the system used, 
the house should be reasonably tight and insulated. 
(2) The heater size should be chosen such that its capacity is adequate to 
heat the house under normal winter conditions. To insure this, the dealer from 
whom the heater is purchased should be informed of the size and condition of 
the house in which the heater is to be used. 
(3) Installation of the heater demands particular care with regard to draft 
and location of the heater. 
(4) Outlying rooms can be heated more satisfactorily by installation of 
special overhead and underfIoor ducts. 
(5) In installing the heater, careful attention should be paid to under· 
writers' recommendations, since many fires are caused by improper heater 
and fI ue installation. 
Although the methods of warm air distribution discussed in this bulletin 
are based on tests of oil.burning heaters, the methods can be applied equally 
as well to heaters using other types of fuel. 
